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(54) Method of etching silicon nitride 

(57) Etch baths having phosphoric acid, nitric acid 
and hydrofluoric acid and used to selectively remove sil- 
icon nitride or silicon with respect to silicon oxide have 
enhanced initial selectivity when silicon is added to the 
initial bath. The silicon may be added in the form of sol- 
uble silicon compounds such a hexafluorositicic acid or 
ammonium f luorosilicate. 
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Description 
Technical Held 

This invention relates to a method of integrated cir- 
cuit manufacture which includes the selective removal 
of silicon nitride with respect to silicon oxide. 

Background of the Invention 

Integrated circuit fabrication processes include 
steps in which materials must be selectively removed 
with respect to other materials. The removal process 
may use either wet or dry etching. Regardless of the 
method selected, the selectivity of the etch between the 
materials that are removed and those that are not 
removed should be high. However, selectivity is not the 
only consideration, the skilled artisan readily appreci- 
ates that consistent results over an extended period of 
time should be achieved. 

Dielectric regions, termed field oxides, are formed 
in integrated circuit fabrication by depositing a dielectric 
mask layer over silicon (likely having a thin oxide, 
termed a pad oxide on the surface), patterning the die- 
lectric mask layer to expose the silicon or oxide, and 
growing a thick oxide in the exposed region. The thick 
oxide is termed the field oxide. A typical choice of die- 
lectric for the mask layer is silicon nitride. This process 
is frequently referred to as LOCOS which is a well 
known acronym for Localized Oxidation of Silicon In 
current practice, a polysilicon layer is frequently present 
underneath the nitride layer. The patterned structure is 
referred to as a Poly Buffered LOCOS (PBL) stack. 
Thus, both silicon nitride and polysilicon must be 
removed without significant attack on the silicon oxide. 

Wet etching techniques are commonly used for 
blanket stripping of nitrides and silicon in the presence 
of oxides. Silicon nitrides are etched in boiling phos- 
phoric acid. Minor amounts of nitric acid may be present 
in the etch bath. These baths are susceptible to aging 
effects and high particle counts because the silicate 
concentration in the bath increases with wafer through- 
put. Other approaches use separate baths for the nitride 
and polysilicon. This not only increases the number of 
baths required but may also lead to pitting of the pad 
oxide. 

Of course, etching of these materials in other con- 
texts is also contemplated. See, Solid State Technology, 
Ernst Gaulhofer, for a description of etching apparatus 
and etchants. It is reported that nitric, hydrofluoric, and 
phosphoric acids are used in a 3:1 :1 solution to etch sil- 
icon. No selectivity is reported nor is there any discus* 
sion of rejuvenating the etch solution which is important 
to minimize chemical usage. 

These problems were generally overcome by using 
a bath that had phosphoric, hydrofluoric, and nitric acids 
present See, United States Patent 5,310,457 issued on 
May 10, 1994 to David Ziger which is incorporated 
herein by reference. The bath life is extended by the 
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addition of hydrofluoric and nitric acids. The bath had a 
relatively constant etch rate as a function of time. This 
feature is attributed to a reaction between the hydrofluo- 
ric acid and the etch products which leads to reaction 

5 products that do not interfere with the rates of the etch 
chemistry. It is believed that the nitric acid is required to 
oxidize the silicon. 

However, it has been found that the initial etching 
selectivity of nitride to oxide may be undesirably low, 

10 selectivities of 9:1 have been observed, and depends 
on the relative fluorine concentration in the etch bath. 
Higher initial etch selectivities are desirable. 

Summary of the Invention 

15 

According to this invention, a method of integrated 
circuit manufacture etches structures having at least 
one layer of material, which is silicon nitride or silicon, 
and which is disposed over silicon oxide in a wet etch 

20 bath having phosphoric acid, hydrofluoric acid, and 
nitric acid. Soluble silicon is added to the initial bath to 
insure high initial selectivity. In a preferred embodiment, 
soluble silicon compounds are added to the initial etch 
bath. Examples of such compounds are fluorosilicates 

25 including hexaf luorosilicic acid and ammonium fluorisili- 
cate. 

Detailed Description 

30 The invention will be described by reference to an 
exemplary embodiment which etches a silicon 
nitride/polysilicon stack on an oxide covered silicon sur- 
face. Such a stack is used in semiconductor integrated 
circuit fabrication sequences having poly buffered 
35 LOCOS to produce a field oxide. Although the fabrica- 
tion of such a stack is well known to the skilled artisan, 
several aspects of the sequence will be briefly summa- 
rized. A pad oxide is formed on the surface of the silicon 
wafer. Polysilicon and silicon nitride layers are now 
40 sequentially deposited. Appropriate layer thicknesses 
and deposition conditions will be readily selected. The 
polysilicon and silicon nitride layers are now patterned, 
using well known lithographic processes, to expose 
selected portions of the oxide covered silicon surface or 
45 substrate. The exposed portions are now subjected to 
further processing which oxidizes the silicon to form the 
field oxide. Conventional field oxidation processes can 
be used. 

Several comments about terminology are appropri- 
so ate. Silicon nitride and silicon oxide have compositions 
which are nominally represented as Si3N4 and Si02, 
respectively. The terms silicon oxide and silicon nitride, 
as used in this specification, refer to not only the stoichi- 
ometric compositions but also oxide and nitride compo- 
55 sitions which deviate from the stoichiometric 
compositions. Polysilicon, as used in this specification, 
may include regions that may properly be considered 
amorphous; such regions are typically small. 

Before etching silicon nitride or polysilicon with 
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respect to silicon oxide, it has been found desirable to exposed silicon surface in said bath, 

add silicon to the etch bath. The additional silicon 
enhances the initial etch selectivity. In a preferred 
embodiment of the invention, a soluble silicon com- 
pound is added to the etching bath. Fluorosilicates may 5 
be expediently used. Two examples of such compounds 
are hexafluorosilicic acid and ammonium fluorosilicate. 
Both of these compounds dissolve readily in phosphoric 
acid without generating particles. The compounds 
increase the etch selectivities to 40:1 and 33:1 for sili- 70 
con nitride and polysilicon, respectively. The additional 
silicon stabilizes the bath from initial use until use is ter- 
minated; the bath is replenished according to the teach- 
ings of the previously mentioned patent issued to David 
Ziger. 15 

Variations in the embodiment described will be 
thought of by those skilled in the art. For example, the 
silicon may be added to the bath by etching bare wafers 
or other objects with exposed silicon surfaces. Addition- 
ally, a compound that reacts with a bath constituent to 20 
form a soluble compound may also be added. 



Claims 



1. A method of integrated circuit manufacture com- 25 
prising the steps of: 



forming a silicon oxide surface; 
forming structures on said silicon oxide sur- 
face, said structures comprising at least one so 
layer, said layer comprising material selected 
from the group consisting of silicon and silicon 
nitride; 

selectively removing said structures relative to 
said silicon oxide by etching in an etch bath 35 
comprising phosphoric acid, hydrofluoric acid, 
and nitric acid; 

adding soluble silicon to said bath prior to said 
removing. 

40 

2. A method as recited in claim 1 in which said struc- 
tures comprise at least two layers, one of said lay- 
ers consisting primarily of silicon, and one of said 
layers consisting primarily of silicon nitride. 

45 

3. A method as recited in claim 2 in which said adding 
step comprises adding soluble silicon compounds 
to said bath. 



4. A method as recited in claim 3 in which said soluble so 
silicon compound is selected from the group con- 
sisting of fluorosilicates. 

5. A method as recited in claim 4 in which said fluoro- 
silicate is selected from the group consisting of hex- ss 
afluorisilictc acid and ammonium fluorisilicate. 

6. A method as recited in claim 2 in which said adding 
step comprises etching an object having an 
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